Abstract Purpose: P-glycoprotein (Pgp) antagonists have had unpredictable pharmacokinetic interactions requiring reductions of chemotherapy. We report a phase I study using tariquidar (XR9576), a potent Pgp antagonist, in combination with vinorelbine. Experimental Design: Patients first received tariquidar alone to assess effects on the accumulation of 99m Tc-sestamibi in tumor and normal organs and rhodamine efflux from CD56+ mononuclear cells. In the first cycle, vinorelbine pharmacokinetics was monitored after the day 1 and 8 doses without or with tariquidar. In subsequent cycles, vinorelbine was administered with tariquidar. Tariquidar pharmacokinetics was studied alone and with vinorelbine. Results: Twenty-six patients were enrolled. Vinorelbine 20 mg/m 2 on day 1 and 8 was identified as the maximum tolerated dose (neutropenia). Nonhematologic grade 3/4 toxicities in 77 cycles included the following: abdominal pain (4 cycles), anorexia (2), constipation (2), fatigue (3), myalgia (2), pain (4) and dehydration, depression, diarrhea, ileus, nausea, and vomiting, (all once). A 150-mg dose of tariquidar: (1) reduced liver 99m Tc-sestamibi clearance consistent with inhibition of liver Pgp; (2) increased 99m Tcsestamibi retention in a majority of tumor masses visible by 99m Tc-sestamibi; and (3) blocked Pgp-mediated rhodamine efflux from CD56+ cells over the 48 hours examined. Tariquidar had no effects on vinorelbine pharmacokinetics. Vinorelbine had no effect on tariquidar pharmacokinetics. One patient with breast cancer had a minor response, and one with renal carcinoma had a partial remission. Conclusions: Tariquidar is a potent Pgp antagonist, without significant side effects and much less pharmacokinetic interaction than previous Pgp antagonists. Tariquidar offers the potential to increase drug exposure in drug-resistant cancers.
Tc-sestamibi clearance consistent with inhibition of liver Pgp; (2) increased 99m Tcsestamibi retention in a majority of tumor masses visible by 99m Tc-sestamibi; and (3) blocked Pgp-mediated rhodamine efflux from CD56+ cells over the 48 hours examined. Tariquidar had no effects on vinorelbine pharmacokinetics. Vinorelbine had no effect on tariquidar pharmacokinetics. One patient with breast cancer had a minor response, and one with renal carcinoma had a partial remission. Conclusions: Tariquidar is a potent Pgp antagonist, without significant side effects and much less pharmacokinetic interaction than previous Pgp antagonists. Tariquidar offers the potential to increase drug exposure in drug-resistant cancers.
Drug resistance is a major impediment to chemotherapy in many human cancers. P-glycoprotein (Pgp), encoded by the MDR-1 gene, is an energy-dependent efflux pump that lowers the intracellular concentrations of a variety of chemotherapeutic agents (1) (2) (3) (4) . Expression of the MDR-1 gene at levels found in many clinical tumor samples can confer multidrug resistance in vitro, suggesting MDR-1/Pgp-mediated drug resistance is clinically relevant.
The anthranilic acid derivative, tariquidar (XR9576), is a potent and selective Pgp inhibitor being developed clinically for the treatment of multidrug resistant tumors. At concentrations of 25 to 80 nmol/L (16-52 ng/mL), tariquidar restores the sensitivity of many multidrug-resistant human tumor cell lines in vitro by inhibiting Pgp-mediated drug efflux (5) (6) (7) . The duration of action of tariquidar is superior to other inhibitors tested, persisting for at least 22 hours after removal of drug from the culture medium. Tariquidar uptake into cells is independent of Pgp expression, and data suggest tariquidar is not a transport substrate of Pgp and that tariquidar-mediated inhibition of Pgp transport is noncompetitive.
First generation Pgp inhibitors had potent pharmacologic effects and toxicity (4, (8) (9) (10) (11) . Third generation Pgp inhibitors, such as tariquidar, specifically target Pgp and seem to have minimal toxicity that is not dose limiting. To determine the optimal dose of vinorelbine in combination with tariquidar, we conducted a phase I study with a fixed dose of tariquidar in combination with vinorelbine.
Patients and Methods
Patient selection. After obtaining verbal and written informed consent, 26 patients that satisfied standard enrollment criteria were enrolled on the trial that had been reviewed and approved by the National Cancer Institute-Institutional Review Board. Exclusion criteria (Supplementary Information) did not prevent the entry of any patient, although one patient found to have a brain metastasis after the baseline 99m Tc Sestamibi scan did not receive vinorelbine. Thus, the toxicity of tariquidar plus vinorelbine was evaluated in only 25 patients.
Drug supply and treatment schema. Xenova, Ltd manufactured Tariquidar. This was an open-label single arm phase I dose escalation trial to establish the maximum tolerated dose and dose-limiting toxicity and a recommended phase II dose of vinorelbine administered i.v. as a 15-min infusion on days 1 and 8 with tariquidar, every 21 d, with tariquidar administered over 30 min just before the vinorelbine. The initial vinorelbine dose was 15 mg/m 2 on both days 1 and 8 (total dose, 30 mg/m 2 ). Additional levels evaluated included 20 and 22.5 mg/m 2 on days 1 and 8 ( Supplementary Fig. S1 ). Standard definitions were used for maximum tolerated dose, maximum administered dose, and dose-limiting toxicity. Dose modifications were based on the toxicity from the previous cycle and intrapatient dose escalations were allowed (Supplementary Information). Toxicity assessments were done each cycle and tumor evaluations every two cycles.
Pharmacodynamics: Rhodamine efflux from CD56+ cells. Measurement of rhodamine efflux from circulating CD56+ cells exploits the high levels of expression of Pgp in CD56+ natural killer cells and has been previously described (refs. 12, 13; Supplementary Information).
Vinorelbine pharmacokinetics. Vinorelbine pharmacokinetics was studied on the first treatment cycle after administration of the agent alone (day 1) and in combination with tariquidar (day 8). Plasma samples were analyzed by high-performance liquid chromatography with fluorescence detection as previously described (ref. 14; Supplementary Information).
Tariquidar pharmacokinetics. Tariquidar pharmacokinetics was studied in detail with plasma samples assayed as previously described (Supplementary Information; ref. 15 ).
99m Tc-Sestamibi scanning. All patients consented to undergo two 99m Tc-sestamibi scans and these were analyzed as previously described (16) (17) (18) . Twenty-five patients had two 99m Tc-sestamibi scans and received protocol therapy.
Using the corrected time-activity curves, areas under the curves (AUC) were calculated for 0 to 3 h for each time-activity curve using the linear trapezoidal method. To compare 99m Tc-sestamibi uptake at baseline to that after tariquidar administration, a ratio of the AUC 0-3 hour in tissue or tumor to the AUC 0-3 hour heart was generated to yield tissue: heart
Translational Relevance
Although earlier clinical studies of P-glycoprotein (Pgp) inhibition as a means of reversing drug resistance failed to show dramatic improvement in clinical outcome, the inhibitors either had poor potency or interfered with the pharmacokinetics of the anticancer agent. This report describes the combination of vinorelbine with the anthranilic acid derivative tariquidar in 26 patients in a phase I trial design. Neutropenia was the principal toxicity observed, and 20 mg/m 2 was identified as the maximum tolerated dose of vinorelbine in the combination. In surrogate studies, tariquidar showed excellent activity, including durable inhibition of Pgp in CD56+ cells ex vivo, and significant inhibition of sestamibi clearance from both liver and tumor in radionuclide imaging studies. Tariquidar had no effect on vinorelbine pharmacokinetics but may have affected its pharmacodynamics. This study suggests that tariquidar is a safe and potent Pgp inhibitor that should be moved forward to definitive clinical studies. 
Results
Patient characteristics. Table 1 summarizes the diagnosis, performance status, age, and prior therapy of the 25 patients enrolled and treated on the trial. All patients had an Eastern Cooperative Oncology Group performance score of 2 or better. The median number of prior regimens was 2, with a mean of 2.5. The median number of prior agents was 4, with a mean of 4.2. Excluding immune therapies, the median number of conventional chemotherapy agents for the study patients was 4, with a mean of 3.5. Sixteen of the 18 patients with a diagnosis other than renal cell carcinoma had been previously treated with at least one natural product known to be a substrate for Pgp: doxorubicin (11 patients), paclitaxel (9 patients), a Vinca alkaloid (6 patients), and etoposide (5 patients).
Dose escalation. The tariquidar dose was fixed at 150 mg. Table 2 We have previously noted in other studies that patients with adrenocortical cancer, especially those whose tumors are hormone producing, often tolerate higher doses of chemotherapy.
Toxicities. Only 1 of 7 patients enrolled at the 22.5 mg/m 2 vinorelbine dose level experienced dose-limiting toxicity in the first cycle (vinorelbine alone on day 1 and tariquidar + vinorelbine on day 8; Table 2 ). This patient had grade 3 nonhematologic toxicities consisting of abdominal pain and anorexia. The other 6 patients received a second cycle (tariquidar + vinorelbine on days 1 and 8) at the same vinorelbine dose. Of these six patients, two experienced dose-limiting neutropenia (Table 3 ). The study design specified that determination of maximum administered dose, and maximum tolerated dose would be based on dose-limiting toxicity observed during the first treatment cycle; however, we felt in retrospect that the first cycle may not have been the best choice because only one of the two vinorelbine doses was administered with tariquidar. Although vinorelbine doses of 22.5 mg/m 2 or higher were administered in 36 cycles, and multiple cycles were tolerated by 6 patients, we felt that 2 dose-limiting toxicities in the 6 patients enrolled at the 22.5 mg/m 2 vinorelbine dose level during the second cycle when both vinorelbine doses were administered together with tariquidar, represented excessive toxicity. Thus, we identified 20 mg/m 2 as the maximum tolerated dose without filgrastim and as the recommended phase II dose. None of the 14 patients started at the 20 mg/m 2 dose level had grade 4 neutropenia in the first cycle, although 2 had grade 3 neutropenia. However, grade 3 (7) or grade 4 (4) neutropenia was noted in 11 of 32 cycles given at 20 mg/m 2 , and in 12 of 36 cycles at higher doses (7 grade 3 and 5 grade 4). All other toxicities are summarized in Table 2 and Supplementary Table S1 .
Tariquidar side effects recorded when tariquidar was administered alone in cycle 1 before the second 99m Tc-Sestamibi study included the following: anorexia (2 events), blurred vision (1), constipation (1), diarrhea (1), fatigue (1), hypotension (2), insomnia (1), and pruritus (1).
Pharmacokinetics. The vinorelbine pharmacokinetic parameters from the eight patients who had two complete sets of samples that were analyzed by the method that proved to be most sensitive are summarized in Table 4 and shown in Fig. 1 . All of these patients received either 20 or 22.5 mg/m 2 vinorelbine. There was no apparent effect of tariquidar on the disposition of vinorelbine. The median clearance of vinorelbine alone was 524 and 546 mL/min/m 2 when administered with tariquidar. In this small group, we could also not discern a difference according to the patient's weight, a possibility that was raised by the use of a fixed dose among all patients.
Tariquidar pharmacokinetic parameters summarized in Table 5 were highly variable. Figure 1 shows the tariquidar concentration-time profiles from 2 patients. Vinorelbine had no effect on tariquidar pharmacokinetics. The mean (±SD) clearance and terminal half-life of tariquidar were 287 ± 196 mL/min and 33.6 ± 13.5 hours, respectively. The mean tariquidar plasma concentrations at 24 and 48 hours were 119 and 79.4 ng/mL on cycle 1 and 121, and 65.9 ng/mL on cycle 2, respectively (Supplementary Fig. S2 ).
Pharmacodynamics. A significant component of this trial was the conduct of studies to examine the extent and duration of Pgp inhibition after a single 150-mg i.v. dose of tariquidar.
Using circulating CD56+ cells, we were able to show that in the large majority of patients, rhodamine efflux from CD56+ cells was still blocked 48 hours after the administration of tariquidar. These data are summarized in Fig. 2 . This assay exploits the high levels of Pgp expression in circulating CD56+ cells that allows them to efflux the Pgp substrate, rhodamine 123. A comparison is made between the inhibition of rhodamine efflux by tariquidar present in the patient's blood and the inhibition by exogenously added PSC 833 (valspodar), a potent Pgp inhibitor. Even 48 hours after the administration of a single 150-mg i.v. dose of tariquidar, the marked 15  511  304  652  1,097  18  23  16  838  566  398  589  48  21  17  603  540  553  617  21  43  19  758  786  495  477  37  36  20  756  811  496  462  36  58  22  625  724  600  518  22  23  23  844  700  444  536  19  51  24  635  675  591  555  28  21  Median  695  688  524  546  25 99m Tc-Sestamibi accumulations. The in vivo efficacy of tariquidar was also shown by performing 99m Tc-sestamibi scans in the patients enrolled on study as shown in Fig. 3 .
99m Tc-sestamibi, a radionuclide used in cardiac imaging studies, is a Pgp substrate and has been used as a functional imaging agent for the multidrug resistance-1 phenotype. As previously reported, tariquidar enhanced 99m Tc-sestamibi accumulation and retention in the liver of all but 2 patients with a mean change of +128% 18 . In 13 of the 17 patients with tumor masses visible by 99m Tc-sestamibi, increased retention was noted after the administration of tariquidar, with increases of 36% to 263% seen in 8 patients. This provided convincing evidence of the existence of tariquidar-inhibitable 99m Tc-sestamibi efflux in a large fraction of these drug resistant tumors ( Supplementary Figs. S3-S5) .
Response evaluation. A PR was observed in a patient with renal cell cancer and a MR (37%) in a patient with metastatic breast cancer (Supplementary Fig. S6; Fig. 3 ).
Discussion
We describe the results of a phase I study using the Pgp antagonist, tariquidar (XR 9576), in combination with vinorelbine. Fig. 1 . A, vinorelbine pharmacokinetics were studied in the first treatment cycle after administration of the agent alone and in combination with tariquidar (days 1 and 8-alternating in patients). Frequent blood samples were obtained out to 120 h through a peripheral i.v. at a site distant from the infusion site. Left, the data in one patient. Right, data for all patients. * and accompanying line, the mean values for all patients. B, tariquidar concentration-time profiles from 2 patients treated with 150 mg of tariquidar, which resulted in >7-fold differences in drug exposure in these patients. The mean drug concentrations for all patients 24, 48, and 72 h after the dose of tariquidar without concomitant vinorelbine administration in cycle 1 were 121, 66, and 43 ng/mL, respectively, which are above the concentration of the drug required to restore chemosensitivity in Pgp-expressing tumor cell lines. The mean (±SD) clearance and terminal half-life of tariquidar were 287 ± 196 mL/min and 33.6 ± 13.5 h, respectively. The mean tariquidar plasma concentrations at 24 and 48 h were 119 and 79.4 ng/mL on cycle 1, and 121 and 69.5 ng/mL on cycle 2, respectively. We determined that a vinorelbine dose of 20 mg/m 2 on a day 1/day 8 schedule can be safely administered in combination with a single 150-mg dose of tariquidar. The single 150-mg dose of tariquidar was well-tolerated, inhibits Pgp-mediated rhodamine efflux from circulating cells CD56+ for at least 48 hours, inhibits the clearance of 99m Tc sestamibi by the liver, and as previously reported, impairs of 99m Tc sestamibi efflux from a large number of tumors (18) . These findings are consistent with the observation that it is not a substrate for Pgpmediated transport, and would be expected to have a longer duration of action. Importantly, given previous experience with earlier Pgp antagonists, 150 mg of tariquidar did not affect the pharmacokinetics of vinorelbine. We conclude that tariquidar is a potent Pgp antagonist, without significant side effects, and less pharmacokinetic interference than earlier antagonist. A single dose of 150 mg has a prolonged effect.
The results demonstrating a lack of an effect on vinorelbine pharmacokinetics are not surprising given evidence that exonerates tariquidar as an inhibitor of the cytochrome P-450 enzymes implicated in liver-mediated drug metabolism (19) . Although 11 cytochrome P-450s that can metabolize xenobiotics are expressed in the human liver, only 1A2, 2C8, 2C9, 2C19, 2D6, and 3A4 seem to be involved in drug metabolism, and the drug-drug interactions of commonly used drugs (20) . In vitro analysis using baculovirus expressing these individual human CYP450 subtypes found IC 50 values for tariquidar that ranged from 7.1 to >100 micromolar, far higher than were achieved in our patients (19) . However, although the results examining vinorelbine pharmacokinetics are unequivocal and indicate that tariquidar did not affect its disposition, one must reconcile this with the equally unequivocal observation of a marked inhibition of Pgp-mediated liver efflux shown on the 99m Tc-sestamibi studies. Given that 33% to 80% of administered vinorelbine is excreted into feces, whereas urinary excretion represents only 16% to 30% of total drug disposition, the majority of which is unmetabolized vinorelbine, it is reasonable to wonder why a greater effect on vinorelbine pharmacokinetics was not seen (21) . A possible explanation might be found in our as yet incomplete knowledge of the drug specificity of ATP-binding cassette (ABC) transporters, and the possibility that transport across the liver could have been mediated by a transporter other than Pgp. A recent study that identified ABCC10/ MRP7 as a vinorelbine transporter provides a potential although unlikely candidate in the liver (22) . Because ABCC10/MRP7 is expressed in liver at only very low levels, it would have difficulty rescuing a liver whose Pgp was inhibited; however, other ABC transporters may have helped. Also, we should stress that all our data showed is no change in the pharmacokinetics but makes no discrimination as to how excretion occurred. And because 16% to 30% of vinorelbine appears in the urine, we cannot exclude that urinary excretion Rhodamine efflux is completely blocked by the addition of PSC833, and was similarly blocked by the tariquidar administered as part of the study. A, individual fluorescence-activated cell sorting analyses obtained using CD56+ cells isolated from three study patients are shown. Rhodamine is rapidly extruded from CD56+ cells in the blood sample obtained before the administration of tariquidar (Pre), and very little remains inside the cells. In the Pre samples, there is a very large difference between the amount of rhodamine inside the cells in the portion of the sample that received no exogenous PSC833 (thick solid green line, middle), and the portion to which exogenous PSC833 was added (red dotted line, right). Black line, control endogenous fluorescence. By contrast, the difference in the 2 portions after the 8-, 24-, and 48-h administration of tariquidar i.v. is very small (thick solid green line and red dotted line are superimposed). In a majority of the blood samples obtained after the administration of tariquidar, the amount of rhodamine remaining inside CD56+ cells was similar to that in cells to which an excess of PSC833 was added exogenously. This indicates the i.v. administered tariquidar was as effective in blocking Pgp as an excess of PSC833 added exogenously. B, summary of the data for all patients. This panel shows plots of the difference (PSC Efflux − Efflux) between the amounts of rhodamine remaining inside the CD56+ cells after a period of efflux. The difference that is plotted is that between cells in the half of the sample that was treated with exogenous PSC833 before the efflux period (PSC Efflux) and that inside cells to which no exogenous PSC833 (Efflux) was added. Greater inhibition of rhodamine efflux by circulating tariquidar results in a smaller difference between the PSC Efflux and the Efflux values. Thus, increased inhibition of Pgp by tariquidar is reflected by the smaller values on the Y-axis. As can be seen, even 48 h after the administration of a single 150-mg i.v. dose of tariquidar, the differences in the large majority of samples is still very small indicating the inhibition of efflux even 48 h after the administration of tariquidar is similar to that achieved by freshly adding PSC833 exogenously.
increased after tariquidar administration, and this excretion, for example, could have been mediated by ABCC10/MRP7, because it is expressed at higher levels in the normal kidney compared with the liver. Finally, we would note that the observation that tariquidar effectively blocked rhodamine efflux from CD56+ cells for a period exceeding 48 hours indicates that P-glcyoproetin inhibition exceeded the median 25 hour half of vinorelbine in the absence of tariquidar. Thus, the lack of a tariquidar effect cannot be ascribed to insufficient inhibition.
In addition to tariquidar, other third generation antagonists have been studied. Zosuquidar (LY335979) a potent inhibitor containing a cyclopropyldibenzosuberane moiety has shown promising activity in vivo (23) (24) (25) . Like tariquidar, zosuquidar does not seem to be a substrate for Pgp; although Pgp has a high affinity for zosuquidar with a Ka of 59 nmol/L. Clinical trials have reported that zosuquidar does not significantly affect the pharmacokinetics of doxorubicin, etoposide, or paclitaxel; however, unlike tariquidar, a previous phase I study concluded "zosuquidar may inhibit vinorelbine clearance to a modest degree" (24) . Interestingly with zosuquidar, the dose of vinorelbine felt to be tolerable was 22.5 mg/m 2 i.v. weekly for 3 weeks every 28 days. Although the single dose is similar to that felt to be safe in the present study, a direct comparison cannot be made because the present study administered vinorelbine only on days 1 and 8. However, it seems safe to conclude that the dose of vinorelbine administered in combination with tariquidar was the same or possibly less than the dose administered with zosuquidar. Given the clear evidence of a lack of effect of tariquidar on the pharmacokinetics of vinorelbine, one must conclude that the dose-limiting neutropenia observed with the combination of tariquidar and vinorelbine is explained by tariquidar-mediated pharmacodynamic interaction most likely involving bone marrow stem or early precursor cells. That such an effect might be observed is not surprising, given the well-known fact that bone marrow stem cells express high levels of ABC transporters that are thought to protect them from toxins (26) (27) (28) (29) (30) (31) . But we would caution that one should not conclude that this pharmacodynamic interaction is confined to tariquidar because a similar interaction may have occurred with previous agents but was missed because there was also a pharmacokinetic interaction to explain the need for dose reductions. Finally, an indication of the prolonged activity of tariquidar can be found in the fact that unlike other antagonists, a one-time administration of tariquidar was sufficient to block Pgp.
Given the need to reduce the dose of vinorelbine administered as a consequence of the presumed pharmacodynamic interaction the question of how valuable combination therapy might be is a fair one to ponder. Although the answer can only come from a randomized trial, it is clear that an advantage for the combination with tariquidar will only be achieved if the tumor expresses Pgp. We have previously reported (18) increases of 36 to 263% in the accumulation of 99m Tc-sestamibi, a surrogate for a chemotherapeutic agent, in renal cell carcinomas and adrenal cancers, tumors known to express Pgp, and also in breast cancers and other tumors. The increases observed in the patients shown in Fig. 3 represent increases over a 3-hour period and would translate into greater increases over time. These increases would more than offset the reduction in the dose of the chemotherapeutic agent but only in patients with tumors that express the Pgp "target." As an aside, we would note that, if one accepts the central premise of the stem cell hypothesis-that successful therapy of cancer will occur only when we target the putative cancer stem cell-the value of an Tc-sestamibi, a radionuclide used in cardiac imaging studies, is a Pgp substrate and has been used as a functional imaging agent for the multidrug resistance-1 phenotype. Baseline Tc-sestamibi AUC in the heart, right lung, left lung, and liver is shown for all study patients. Large differences were noted in Pgp-expressing liver but not in the heart nor in the lungs, organs with very little Pgp. B, the percent change in the Tc-sestamibi AUC 0-180 in the tumors of both patients was increased after the administration of tariquidar, albeit not to the extent seen in the normal liver that most likely had higher levels of Pgp. Left, the results are those of a patient with breast cancer who experienced a MR (8 prior regimens and 11 prior agents including 4 cycles of paclitaxel as a single agent 6 mo before enrollment, and 4 of Adriamycin as part of the CAF regimen 4 y before enrollment); right, the results in a patient with renal cell carcinoma who experienced a PR (see Supplementary Figs. S4 and S5 ). agent such as tariquidar would be in eradicating the surviving stem cells and may only be manifested in clinical measures such as progression-free survival and overall survival.
Several conclusions emerge from this study. The first is that tariquidar can be administered safely to patients with cancer in combination with a modestly reduced dose of vinorelbine. The need for a reduced dose of vinorelbine despite the lack of any pharmacokinetic interaction leads one to conclude that tariquidar has no effect on vinorelbine metabolism, a desirable attribute, but that it mediates a pharmacodynamic interaction at the level of the bone marrow, most likely a stem or an early precursor cell, an undesirable consequence, but one that can be remedied with growth factor support. Also clear from the present study is that some cells in the liver involved in the excretion of 99m Tc-sestamibi and by inference chemotherapy agents, possess high levels of activity of an efflux pump that all evidence would conclude is Pgp. More importantly, in a subset of tumors expression of what can be safely concluded is a functional Pgp is observed. To the extent that this can be inhibited by tariquidar, it indicates that at least in some cancer cells, this efflux pump is very active and would undoubtedly mediate a reduced accumulation of drugs that are substrates for Pgp. The extent to which this reduction in intracellular drug concentration would affect drug efficacy depends on how narrow its intracellular margin is for activity-and for most of our drugs, including our newer agents this is usually very narrow. We would note that the planar 99m Tc-sestamibi images obtained as part of this study underestimate the increase in accumulation because they cannot adequately subtract background and normal tissue in front and behind the tumor, so that a reduction in intracellular accumulation at least 2-fold or greater of 99m Tc sestamibi and many chemotherapeutic agents is likely to occur in many tumors. A 2-fold reduction may be sufficient to significantly affect activity-for example, bcr-abl mutations in imatinibrefractory chronic myelogenous leukemia and c-KIT mutations in gastrointestinal stromal tumor often affect drug binding ∼2-fold as evidenced by both in vitro studies and clinical observations that increasing the dose by 50% to 100% often rescues activity (32) (33) (34) . We would note that an increasing number of "novel targeted agents" are being recognized as Pgp substrates, and given their limited efficacy to date, the availability of an agent such as tariquidar will likely be of interest as attempts are made to increase their effectiveness. Finally, the results of the current study argue for the need to conduct clinical trials with drug resistance modulators such as tariquidar only with drugs that are proven substrates and only in patients likely to derive benefit from Pgp inhibition -those whose tumors express Pgp.
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